Background: Femoral head fractures are an uncommon but severe injury. These high-energy injuries typically occur in association with traumatic hip dislocations. Initial treatment includes urgent concentric reduction; however, controversy exists regarding specific fracture management. The well-known complications of avascular necrosis (AVN), posttraumatic arthritis (PTA), and heterotrophic ossification can leave patients with a significant functional loss of their affected hip. The purpose of this study is to evaluate the clinical and radiographic outcomes of femoral head fractures. Methods: A retrospective review was performed at our institution assessing all patients who presented from 2007 to 2015 with a femoral head fracture associated with a hip dislocation and at least 6 months of clinical and radiographic follow-up. Twenty-two patients met our inclusion criteria. There were 15 males and 7 females with an average age of 36 years (range: 17-55). The average follow-up time was 18 months (range: 6-102). Fractures were classified according to the Pipkin classification. The Thompson and Epstein score was used to determine functional outcomes. Results: There were five, Pipkin I, 3 Pipkin II, 0 Pipkin III, and 14 Pipkin IV, femoral head fractures. Sixteen patients were successfully closed reduced in the emergency department (ED) and six patients required open reduction after failed reduction in the ED. Four patients (18%) were successfully treated with closed reduction alone and 18 patients (82%) required operative intervention. Of those undergoing operative intervention, one patient underwent excision of the femoral head fragment, seven underwent open reduction internal fixation (ORIF) of the femoral head, nine underwent ORIF of the acetabulum, and one underwent ORIF of the femoral head and the acetabulum. Nine patients (41%) had an uneventful postoperative course. Two patients (9%) developed AVN, both requiring total hip arthroplasty (THA). Five patients (23%) developed PTA, two eventually requiring a THA. Two patients (9%) had sciatic nerve palsy. One patient (5%) developed a postoperative infection and four patients (18%) developed heterotrophic ossification (HO), none requiring operative treatment. Two patients (9%) had persistent anterolateral (AL) thigh numbness. Overall functional results were excellent in six patients (27%), good in six (27%), fair in seven (32%), and poor in three patients (14%). Four patients (18%) required a THA. Conclusion: Femoral head fractures are a rare injury with well-known complications. Early diagnosis and concentric reduction are the prerequisites for successful treatment. This study adds to the growing literature on femoral head fractures associated with hip dislocations in efforts to define treatment plans and to guide patient expectations.
IntroductIon
Femoral head fractures are a rare but severe injury. Hip dislocations accompany a majority of these fractures with an incidence ranging from 5% to 15%. 1 -8 These fracture dislocations are seen in highenergy trauma, most commonly motor vehicle accidents, when a flexed knee strikes the dashboard and transmits an axial force onto a flexed hip. The Pipkin classification is the most commonly used system to evaluate these fractures. 9 Pipkin subdivided these injuries based on the position of the femoral head fracture line relative to the fovea and associated femoral neck and acetabulum fractures ( Table 1) .
The initial workup of these injuries at our institution is as follows. Femoral head fracture-dislocations are identified on a standard pelvic radiograph taken during the initial trauma work up. Once identified, closed reduction under sedation is attempted in the ED. If closed reduction is not obtained, open reduction is performed as urgently as possible. Postreduction radiographs and computerized tomography are obtained to assess for intra-articular fragments, associated fractures, and to confirm anatomic reduction. Further surgical treatment is required for those fracture dislocations that are irreducible, unstable, or with large intra-articular loose fragments.
Patients with successfully reduced fractures without the above CT findings are made toe-touch weight bearing for 6 weeks with early range of motion encouraged but limited to 70° flexion, neutral adduction, and neutral internal rotation. Serial radiographs at each clinic visit are viewed and progressive weight bearing was started once clinical and radiographic signs dictate sufficient healing.
Femoral head fractures are associated with serious wellknown complications of AVN, PTA, sciatic nerve palsy, and HO. These complications can lead to unfavorable and potentially 7 disabling patient outcomes. The limited incidence of this injury has led to a lack of large high-quality studies and a deficiency in definitive treatment protocols. The purpose of the present study is to report the functional outcomes and complications of all treatment modalities for femoral head fractures associated with hip dislocations.
Methods
We retrospectively reviewed the records of all patients who sustained a hip dislocation associated with a femoral head fracture treated at our level 1 trauma center from 2007 to 2015. Inclusion criterion included: (1) hip dislocation and associated femoral head fracture; (2) age 16-65; and (3) follow up ≥6 months. Patients were excluded if they presented with a pathological fracture or had any previous injury to the affected hip. Patients were classified according to the Pipkin classification system. 9 A total of 22 patients met our inclusion criteria. There were 15 men (68%) and 7 women (32%) with an average age at the time of injury of 36 years (range: 17-55). Fourteen patients sustained their fracture dislocation from a motor-vehicle accident, four from a motorcycle accident, two from a fall, one from an all-terrain vehicle (ATV), and one from a motor-pedestrian accident. All patients presented with posterior dislocations. There were 5 (23%) Pipkin I fractures, 3 (14%) Pipkin II, 0 (0%) Pipkin III, and 14 (64%) Pipkin IV fractures. Patient demographics and classification are listed in Table 2 .
Definitive treatment and timing varied between patients dependent upon the fracture pattern and associated injuries. The following general guidelines were used to determine the need for operative intervention: nonreducible fracture dislocations, nonconcentric reduction, hip instability after reduction, or large intra-articular fragments. Patient outcomes and complications were determined based on a review of the clinic and radiographic results from their last clinical visit. The Brooker classification was used to evaluate HO formation. 10 Functional outcomes were graded according to the Thompson and Epstein score. 11 The average follow-up period was 18 months (range: 6-102).
results
All patients presented with posterior hip dislocations and underwent an attempted closed reduction in the ED. This reduction was successful in 16 patients (73%) and 6 patients (27%) required an open reduction after failed closed reduction. The average time from injury to reduction was 321 minutes (range: 9-760). Traction was used in 15 patients (68%) to offload the joint until surgery could be performed.
Four patients (18%) were successfully treated with closed reduction alone. One patient (5%) underwent excision of the femoral head fragment. Seven patients (32%) underwent open reduction and internal fixation of the femoral head. Nine patients (41%) underwent open reduction and internal fixation of the acetabulum. Two of these nine patients also underwent excision of the femoral head fragment. One patient (5%) underwent open reduction and internal fixation of the femoral head and the acetabulum. The average time from injury until surgery was 58 hours (range: ). An anterior approach was used in 5 patients (28%) and a posterior approach was used in 13 patients (72%). Postoperatively 17 patients (77%) were made foot-flat weight-bearing for 12 weeks with hip precautions and an abduction pillow and 5 patients (23%) were made nonweight-bearing with an abduction brace. This was determined at the discretion of the surgeon. Seven patients (32%) underwent postoperative radiotherapy for HO prophylaxis.
Nine patients (41%) had an uneventful postreduction course. Two patients developed AVN for an overall incidence of 9%. Both of these patients required eventual conversion to a THA. Five patients (23%) had radiographic criteria of PTA at their latest clinical follow-up. Two of these five patients required conversion to a THA. The incidence of sciatic nerve palsy was 9% (2/22 patients). The peroneal distribution was affected in both of these individuals. Complete resolution was seen in one patient and the other had continued palsy at their latest clinical follow-up. Postoperative infection occurred in one patient (5%) requiring irrigation and debridement and a course of antibiotics. Four patients (18%) developed HO. None of these patients required operative intervention. This was graded as Brooker I in all four patients. Two patients (9%) had persistent AL thigh numbness at their last clinic visit. Both patients had undergone an anterior approach.
Clinical and radiographic data were reviewed for all patients at their latest clinical follow-up and graded according to the Thompson and Epstein classification. 11 The overall results were excellent in six patients (27%), good in six (27%), fair in seven (32%), and poor in three patients (14%). One of the patients with a fair result and all three of the patients with poor results underwent eventual conversion to a THA. Overall treatments, complications, and outcomes are given in Table 3 . Results based on the Pipkin classification are given in Table 4 .
dIscussIon
Femoral head fractures associated with hip dislocations are rare but consequential injuries. [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] It is agreed that early diagnosis and prompt concentric reduction are the initial management 8 Our study found an overall excellent rate of 27%, a good rate of 27%, a fair rate of 32%, and a poor rate of 14%. Specific treatments and outcomes can be further explored by grouping according to the Pipkin classification. Regarding Pipkin type I fractures, treatment varies among closed treatment, surgical excision, or fragment fixation. Treatment decisions are made based on fragment size, location, and comminution. Giannoudis et al. in their systematic review found that fragment excision trended toward better outcomes compared to open reduction and internal fixation (p = 0.07). 8 Chen et al. found statistically better outcomes (p = 0.032) with fragment excision then closed reduction in a randomized prospective study looking at Pipkin I femoral head fractures. 12 Park et al. explored Pipkin I fractures in regard to fragment size and location. With large fracture fragments, they found excellent or good results with excision of fragment in 7 patients (50%) and excellent or good results with fixation in 19 patients (82.6%). 13 We elected to perform fixation in three out of five of our Pipkin I fractures given the fragment size. Our results were poor, fair, and good in these three patients. Regarding the other two patients, one underwent fragment excision and another was treated conservatively. The conservative treatment was our only Pipkin I fracture with an excellent outcome.
With Pipkin II fractures, there is a trend toward operative fixation as opposed to fragment excision as there is a larger portion of the weight-bearing surface of the femoral head involved. 8 Holmes et al. performed a cadaveric biomechanical study to measure the influence of head excision on load transmission in the hip. For Pipkin type II fractures, the authors found an increased mean pressure across the center of the acetabulum, postulating that this could be responsible for the worse outcomes seen with fragment excision. 14 Chen et al . performed a randomized prospective study of 24 patients undergoing either closed reduction or ORIF of Pipkin II femoral head fractures. The authors found functional outcomes to be worse for the conservative group compared to the surgical group (p = 0.37). 15 All three of our Pipkin II fractures underwent open reduction and internal fixation of the fracture fragment with results ranging from fair to excellent. Pipkin III is the least frequent fracture type with treatment options ranging from open reduction and rigid fixation to arthroplasty depending on patient age and other variables. We did not encounter any Pipkin III in our population. Pipkin IV fractures are unique in that they involve both the femoral head and the acetabulum. This injury is particularly challenging, as the operating surgeon must decide whether to address the acetabulum, femoral head, or both. Machetti et al. showed that Pipkin III and IV injuries had statistically significant worse outcomes than those who sustained Pipkin I and II injuries (p < 0.02). 16 Giannoudis et al. also found a difference in outcomes (p = 0.057) when comparing Pipkin I and II to III and IV. 8 A majority of our patients (9/14) with a Pipkin IV fracture underwent ORIF with attention directed toward internal fixation of the acetabular fracture.
AVN is one of the main long-term complications secondary to iatrogenic insult or due to damage during the initial injury. Giannoudis et al. showed an AVN incidence of 11.9% in their systematic review. 8 Initially, some surgeons felt the anterior approach should be avoided to protect the blood supply, but a recent meta-analysis and systematic review by Wang et al. showed no difference in rates of AVN between the two approaches. 3 , 17 Our series incidence of AVN (9%) is comparable to the published incidence. One of our patients with AVN had undergone a posterior approach and the other one an anterior approach. Both of these patients required THA eventually. It is important to note our mean follow-up time of 18 months and this time frame may be too short to capture all patients who develop of AVN radiographically. Longer follow-up times are needed to fully quantify AVN rates.
PTA is another well-known complication after injury and occurs secondary to insult to the articular cartilage. The actual incidence is difficult to ascertain given the lack of long term follow up studies. Oransky et al. in a study of femoral head fractures with a mean follow-up of 81 months found that 95.2% of their patient's 21 femoral head fractures had radiographic criteria of PTA. 18 In our study, there were 5 patients (23%) with radiographic arthrosis with two requiring THA; however, this too must be interpreted with respect to our follow-up an average of 18 months. Wang et al. found no difference between anterior or posterior approaches in regard to rates of PTA. 17 HO is a common complication after operative fixation of femoral head fractures with ranges between 6% and 80%. 7 , 8 , 16 , 18 -21 Surgical approach and time to reduction have been implicated in the process of HO formation. 16 , 19 Wang et al. in a recent systematic review and meta-analysis found that the posterior approach had a statistically significant decrease in the incidence of HO compared to the anterior approach for Pipkin I and II fractures. 17 Four of our patients (18%) developed HO, all with a Brooker grade I. There was no clinical impact of the HO at the latest clinical follow-up for these four patients Sciatic nerve damage can occur with an incidence of 3-23%. 7 , 8 , 16 The peroneal component is the most commonly damaged. Recovery can vary and may take many months. There were two cases of sciatic nerve damage in our study with one patient continuing to exhibit signs of peroneal palsy at latest clinical follow-up. Giannoudis et al. found an infection rate of 3.2% in 282 operative fractures. One patient (5%) in our study developed a postoperative infection and this was successfully treated with irrigation and debridement and antibiotics. 8 There are limitations present in this study. First, our small patient population prevents statistical analysis. Second, our follow-up time can only be categorized as moderate, with an average of 18 months. This is especially important with respect to the complications associated with this injury, namely AVN and PTA, which can take many years to develop. This study should, thus, be interpreted with respect to these limitations.
conclusIon
Femoral head fractures are rare but potentially devastating injury. Prompt treatment is crucial to preventing long-term outcomes of osteoarthritis and AVN. The principles of treatment include an urgent anatomical reduction, restoration of hip stability, and removal of intra-articular fragments. The present study attempts to further clarify functional outcome results and complication in efforts to add to the growing literature on femoral head fractures associated with hip dislocations. Larger, prospective, randomized studies and the advent of a validated outcomes score are necessary to draw firm conclusions regarding the treatment of femoral head fractures.
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